The ubiquity of plasmids in all prokaryotic phyla and habitats and their ability to transfer 17 between cells marks them as prominent constituents of prokaryotic genomes. Many plasmids 18 are found in their host cell in multiple copies. This leads to an increased mutational supply of 19 plasmid-encoded genes and genetically heterogeneous plasmid genomes. Nonetheless, the 20 segregation of plasmid copies into daughter cells during cell division is considered to occur in 21 the absence of selection on the plasmid alleles. Here, we investigate the implications of 22 random genetic drift of multicopy plasmids during cell division -termed here segregational 23 drift -to plasmid evolution. Performing experimental evolution of low-and high-copy non-24 mobile plasmids in Escherichia coli, we find that the evolutionary rate of multicopy plasmids 25 does not reflect the increased mutational supply expected according to their copy number. In 26 addition, simulated evolution of multicopy plasmid alleles demonstrates that segregational 27 drift leads to increased loss frequency and extended fixation time of plasmid mutations in 28 comparison to haploid chromosomes. Furthermore, an examination of the experimentally 29 evolved hosts reveals a significant impact of the plasmid type on the host chromosome 30 evolution. Our study demonstrates that segregational drift of multicopy plasmids interferes 31 with the retention and fixation of novel plasmid variants. Depending on the selection pressure 32 on newly emerging variants, plasmid genomes may evolve slower than haploid 33 chromosomes, regardless of their higher mutational supply. We suggest that plasmid copy 34 number is an important determinant of plasmid evolvability due to the manifestation of 35 segregational drift. 36 37 38 39 3
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Growth of E. coli at 42°C is expected to entail an acclimation to the elevated temperature 128 (Guyot et al. 2014) , and it has been shown to involve genomic adaptation (Deatherage et al. 129 2017) . The experiment was conducted with six replicates for each combination of the three 130 experimental evolution factors -plasmid replicon type, host genotype and growth 131 temperature. The populations were evolved for 800 generations in continuous culture under 132 selective conditions for ampicillin-resistance. At the end of the experiment, samples of 133 ancestral and evolved populations were sequenced using a population sequencing approach. 134
Notably, the two model plasmids differ in their stability within the host. While the pLC replicon 135 remained unaltered compared to its pBBR1 ancestor, the high copy number of plasmid pHC 136 comes at the cost of lower plasmid stability due to deletions of stability factors during 137 construction of the pUC replicon (e.g., lack of the multimer resolution site cer originally 138 present in plasmid ColE1). We assesed the stability of both plasmids in the E. coli wild-type 139 host using the same selective constraints for the plasmid presence as in the evolution 140 experiment. No plasmid-free segregants of pLC-wt were observed after overnight growth (n = 141 5), whereas the proportion of pHC-free segregants ranged between 1% and 39% (n = 5; see 142 Methods). Plasmid loss during the evolution experiment has the potential to result in a 143 proportion of plasmid-free cells in the total population. Such plasmid-free cells have a 144 collective resistance to ampicillin thanks to the presence of β-lactamase secreted from 145 plasmid carrying hosts in the environment (Vega and Gore 2014). Therefore, we quantified 146 the proportion of plasmid-hosts in the evolved populations using replica plating of single 147 colonies. This showed that pLC-hosts accounted for 89% to 100% of the populations in all 148 conditions and replicates ( Supplementary Table S1 ). The proportion of pHC-hosts in the 149 evolved wild-type populations ranged between 1% and 78%, while the range of plasmid 150 carrying hosts in the evolved hypermutator populations was between 35% and 98% 151 ( Supplementary Table S1 ). In order to increase the resolution of the existing plasmid allele 152 pool, we sequenced the genomes of each pHC population using two different sampling 153 strategies. In addition to the sequencing of total populations (i.e., plasmid host cells and 154 plasmid-free segregants), the genome of each pHC population was sequenced from pooled 155 samples of 100 colonies of plasmid carrying hosts (see Methods). In the following, the 156 resulting genetic variants reported for pHC populations are based on the pooled colonies 157 data unless stated otherwise. 158
Plasmid genome evolution. 159
For the identification of emerging mutations, sequencing reads of the ancestral and evolved 160 populations were aligned to the reference E. coli MG1655 genome and to the two plasmids. 161
Sequencing coverage varied among the populations and the replicons: the chromosomal 162 coverage ranged between 104x and 300x, while the average coverage on the plasmids was 163 between 325x and 28,054x ( Supplementary Table S1 ). The high coverage on the plasmid 164 genomes increases the detection sensitivity for rare and low-frequency variants. Nonetheless, 165 in order to compare the number of mutations across replicons and populations, the 166 sequencing reads of each replicon (i.e., chromosome and plasmids) were subsampled to 167 match the lowest-coverage dataset unless stated otherwise. Furthermore, variants occurring 168 in both ancestral and evolved populations were excluded. 169
A comparative genomic analysis of the subsampled sequencing data revealed two 170 point mutations on the pLC plasmid (Table 1) . Both mutations are located in an intergenic 171 region and their allele frequency (AF) is lower than 0.10 ( Supplementary Table S2 ). The 172 paucity of plasmid variants should be evaluated against the background of variants on the 173 host chromosome, where we observed a total of 1,394 point mutations. We calculated the 174 expected frequency of point mutations on the two plasmids using the chromosomal 175 substitution frequency, the plasmid genome size and the plasmid copy number. This shows 176 that mutations are unlikely to occur on either of the plasmid types evolved in the wild-type 177 host due to the combination of low substitution rate and the plasmid small genome size 178 (Table 1) . In contrast, the combination of high genetic polymorphism in the hypermutator host 179 with the high copy number of pHC are likely to result in observable genetic variants in the 180 pHC plasmid within the time span of our experiment (Table 1 and Supplementary Table S1 ). 181
Nonetheless, the subsampled sequencing data for pHC did not reveal any point mutations 182 occurring on that plasmid. Notably, we detected two single nucleotide insertions in pHC 183 intergenic regions with an allele frequency of AF = 0.3 and AF = 0.35. In order to increase 184 the resolution for the detection of presumably low-frequency point mutations, we applied the 185 same variant calling pipeline to the sequencing read datasets without subsampling (i.e., full 186 sequencing coverage). This analysis revealed one point mutation on plasmid pHC at an 187 intergenic position with a sequencing depth of ~9,600 and a low allele frequency of AF = 0.03 188 ( Supplementary Table S2 ). In contrast, considering the full sequencing depth for plasmid 189 pLC, which is on average ~10x lower than that of plasmid pHC, we observed two additional 190 intergenic point mutations ( Supplementary Table S2 ). Thus, despite the high sequencing 191 depth, the observed number of point mutations on plasmid pHC does not reach the expected 192 frequency of point mutations, even when the full sequence coverage is included in the 193 analysis. On the other hand, the number of point mutations detected on plasmid pLC is 194 higher than what we expected (Table 1) . 195
The number of point mutations on the pHC plasmid was further validated by the 196 analysis of the total pHC population sequencing data (i.e., samples were prepared without 197 selection for plasmid hosts). Considering the full sequencing coverage, we detected one 198 additional point mutation on the plasmid. The intergenic point mutation was observed with a 199 low allele frequency of AF = 0.04 ( Supplementary Table S2 ) in one of the pHC populations 200 having the hypermutator host genotype. In addition, we compared the number of point 201 mutations observed on the chromosome in the pooled pHC host populations to that of the 202 total population sequencing data ( Supplementary Table S1 ). The comparison shows that the 203 wild-type populations include, on average, two additional point mutations per population in 204 comparison to the corresponding data of pooled plasmid host colonies. The comparison of 205 hypermutator populations shows that the total population sequencing data includes, on 206 average, 14 point mutations per population less than the pooled colonies sequencing data. 207
Overall, the above comparison between the two sequencing approaches demonstrates that 208 the number of point mutations observed in the pooled host colonies data is representative 209 both for the number of variants on the pHC plasmid and the chromosome. 210
This discrepancy between the observed and expected frequency of point mutations 211 on the pHC plasmid can be explained under the segregational drift hypothesis as due to the 212 rapid loss of most plasmid mutations. Our analysis further reveals that the allele frequency of 213 plasmid variants is considerably lower in comparison to that of chromosomal variants. Of the 214 total chromosomal point mutations, 30% reached fixation within the population (AF ≥ 0.9), 215 whereas point mutations on plasmids remain at a low frequency (AF ≤ 0.09; Supplementary 216 Fig. S2 ). The stark difference in the allele frequency distribution between the plasmid and 217 chromosomal alleles indicates that the increase in plasmids allele frequency is considerably 218 slower in comparison to chromosomal alleles. This observation is in agreement with our 219 hypothesis according to which mutations that emerge on multicopy plasmid genomes are 220 repeatedly 'diluted' in the population due to segregational drift. 221
Plasmid population dynamics. 222
What are the theoretical expectations for the impact of segregational drift on the dynamics of 223 plasmid alleles in comparison to chromosomal alleles? To address this question we 224 simulated plasmid and chromosome allele dynamics. For this purpose, we applied the 225 standard haploid Wright-Fisher model to simulate forward-time evolution of a population of 226 cells that is subject to random genetic drift (Gillespie 2010 ). In the simulation, the cell 227 population size remains constant throughout evolution. To simulate plasmid evolution we 228 added an additional layer of random genetic drift by applying a Wright-Fisher model to the 229 plasmid inheritance (similarly to mitochondria simulated evolution (Peng and Kimmel 2005)). 230
Thus, during cell division, plasmid alleles are selected randomly into the daughter cells of the 231 next generation. In terms of population genetics, the plasmid population in the simulated 232 evolution has a substructure within the population. This implies that plasmid allele dynamics 233 have two hierarchical levels: within the cell and within the total population. 234
We compared the allele frequency dynamics of neutral variants emerging in a 235 population of N = 10 5 cells on a haploid chromosome (termed Cx10 5 ) and two multicopy 236 plasmids: one plasmid has a copy number of 10 plasmids per cell (termed p10x10 5 ), while 237 the second plasmid has 100 copies per cell (termed p100x10 5 ). The plasmid copy number 238 remains constant throughout the simulation, hence, a population of 10 5 cells harbours a total 239 of 10 6 p10 replicons. The total number of p100 replicon in such a population is 10 7 . In order 240 to examine the effect of the increased total number of plasmid replicons, we simulated in 241 addition the allele dynamics of a haploid chromosome with two additional population sizes. In 242 the first population, the number of cells equals the total p10 replicons, i.e., N = 10 6 (termed 243 Cx10 6 ). In the second population the number of cells matches the total p100x10 5 replicons, 244
i.e., N = 10 7 (termed Cx10 7 ). In addition, we eliminate the effect of replicon size on the 245 probability of mutation by defining the plasmids and chromosomes to have an equal size of 246 500 loci. The evolution of all replicons was simulated over 1,000 generations in 100 replicate 247 populations. The simulation results reveal that the number of accumulated mutations on the 248 plasmids is higher in comparison to Cx10 5 and lower in comparison to chromosomes with the 249 respective population size (i.e., p10x10 5 vs. Cx10 6 and p100x10 5 vs. Cx10 7 ; Fig. 2A ). These 250 results demonstrate that the number of accumulating plasmid mutations is lower than the 251 expected number according to plasmid mutational supply (i.e., total plasmid replicons). This 252 discrepancy indicates that most plasmid mutations are lost rapidly after their emergence. 253
Further comparison of allele frequency distribution among replicons shows that p10x10 5 and 254 p100x10 5 median AF is smaller in comparison to Cx10 5 , and in comparison to the 255 chromosome of the respective population size (Fig. 2B ). This demonstrates that the increase 256 in allele frequency of plasmid mutations is generally slower in comparison to the mutations 257 emerging on a haploid chromosome. 258
To compare the dynamics of mutant alleles residing on the plasmid or chromosome 259 while excluding the effect of mutational supply, we simulated the inheritance of a mutant 260 allele already present in the population at a specified initial frequency (f). Thus, the allele 261 dynamics in the population are determined by the combination of the initial mutant allele 262 frequency, random genetic drift and the mutant allele selection coefficient (s). The simulation 263 of an initially low-frequency mutant allele (f = 0.0001) that is neutral to the fitness of the cell 264 (i.e., selection coefficient s = 0) shows that the majority of mutant alleles on plasmids are lost 265 quickly in comparison to to mutant alleles on chromosomes ( Fig. 3A) . For example, the loss 266 of the mutant allele on the plasmid in 20% of the replicates was observed at generation 22 267 for p10x10 5 and at generation 76 for p100x10 5 , but much later in the chromosomal replicons: 268 generation 128 in Cx10 5 , generation 139 in Cx10 6 and generation 1,136 in Cx10 7 (Fig. 3A) . 269
Increasing the initial mutant allele frequency 10-fold (f = 0.001) results in a similar rate of 270 allele loss between the plasmids and Cx10 5 populations. Nonetheless, loss rates of plasmid 271 mutant alleles remain higher in comparison to chromosomal mutant alleles in simulations 272 with the equivalent total number of replicons ( Fig. 3A ; Supplementary Table S4 ). Overall, our 273 results indicate that the loss dynamics of plasmid alleles due to segregational drift depend on 274 the initial mutant allele frequency in the total population and the distribution of the mutant 275 allele among plasmid hosts. Notably, the initial allele frequencies used in the simulation may 276 be encountered upon the acquisition of a new plasmid variant in the population, e.g., by 277 conjugation or transformation. In the case of de novo plasmid mutations the initial allele 278 frequency of the mutant plasmid is expected to be extremely low. Hence, according to our 279 simulations, in the absence of a strong benefit for the cell, a mutation on a plasmid will be 280 quickly lost. 281
Performing the simulations where the allele has a positive selection advantage (s = 282 0.01) reveals a higher loss rate in p10x10 5 in comparison to p100x10 5 populations, but the 283 median fixation time is lower for p10x10 5 than for p100x10 5 . Notably, the median fixation time 284 of plasmid alleles (when not lost) is smaller in comparison to chromosome populations of 285 comparable total replicons when the initial frequency is low (f = 0.0001) albeit the majority of 286 plasmid populations lost the allele under these conditions ( Fig. 3A ; Supplementary Table S4 ). 287
The median fixation time of plasmid alleles is similar to the chromosomal one when the initial 288 frequency is increased (f = 0.001) ( Fig. 3A ; Supplementary Table S4 ). With high selection 289 coefficient (s = 0.1), allele loss is smaller than for s = 0.01 with a similar median fixation time 290 among p10x10 5 and the chromosome populations. Notably, the median fixation time in 291 p100x10 5 is substantially higher in comparison to all other replicons under these conditions 292 ( Figure 3A ; Supplementary Table S4 ). The longer fixation time of p100x10 5 alleles under 293 these simulated conditions are well explained by the effect of segregational drift on the rate 294 of plasmid allele fixation within the host cell. The high selection coefficient acts in favour of 295 cells harbouring at least one plasmid mutant, such that those cells rise quickly to fixation 296 within the population. In comparison, the increase of the plasmid allele in the total population 297 is slower due to the effect of random genetic drift of plasmid alleles during cell division, which 298 hinders the increase of plasmid allele frequency in daughter cells (Fig. 3B ). In other words, 299 when the plasmid copy number is high, plasmid alleles within the cell remain polymorphic 300 (i.e., heterogeneous) over a longer time scale, also when the mutant allele is beneficial. for p100x10 5 is likely to occur also under natural conditions. Since our simulations do not 304 include intra-host plasmid recombination, the observed differences in allele dynamics 305 between plasmids and chromosomes are solely due to inheritance and segregational drift. 306
Overall, the results of the simulation demonstrate that segregational drift of multicopy 307 plasmids has a considerable impact on plasmid allele dynamics in the population by 308 increasing the loss rate and fixation time of plasmid alleles. 309
Evolution of the host chromosome. 310
The comparison between the evolved and ancestral populations revealed that most of the 311 evolved genetic variants are found on the chromosome (Table 1 and Supplementary Table  312 S3). The majority of the chromosomal variants (90%) in our experiment are observed in the 313 hypermutator populations where the substitution rate is, on average, 10-fold higher in 314 comparison to the wild-type populations (Table 1) . Genetic variants are observed in 638 315 protein coding genes and ncRNA genes, of which 173 (27%) genes accumulated genetic 316 variants in more than one population. The distribution of common mutated genes reveals a 317 strong signal of parallel evolution among populations evolved under similar settings ( Fig. 4A) . 318
Of the parallel mutated genes, 60 genes (35%) are specific to populations belonging to one 319 of the eight experimental factor combinations, indicating that the combination of host 320 genotype, plasmid replicon type and temperature had an impact on the evolution of these 321 genes. Furthermore, a total of 50 mutated genes (29%) are shared among hypermutator 322 populations having the same plasmid type, regardless of the growth temperature ( Fig. 4A ). 323
Hypermutator-pLC populations share, on average, 19.62 ± 2.09 (SD) mutated genes, 324
whereas hypermutator-pHC populations show a lower level of parallelism with 14.45 ± 3.30 325 shared genes on average (SD). Furthermore, two small clusters of parallel mutated genes 326 are observed in the wild-type hosts, the first cluster comprises the pLC populations and the 327 second cluster includes the pHC populations evolved at 42°C. 328 A strong signal of parallel evolution is observed also at the resolution of specific 329 mutations where 144 (15%) variants were detected in more than one of the 48 evolved 330 population. The allele frequency of parallel variants is significantly higher than the allele 331 frequency of population specific variants (P < 0.001, using two-sample Kolmogorov-Smirnov 332 test, n parallel = 720, n specific = 841). To quantify the contribution of the three experimental 333 evolution factors to parallel evolution of the host chromosome, we compared the allele 334 frequency of parallel genetic variants among all populations. We observed a significant effect 335 of plasmid type (P = 1.1x10 -69 ) and temperature (P = 3.9x10 -46 ) on the allele frequency 336 variation (using ANOVA on aligned rank transformed allele frequencies (Wobbrock et al. 337 2011); detailed statistics in Supplementary Table S5 ). In the wild-type populations, there is a 338 strong interaction between plasmid type and temperature, whereas in the hypermutator 339 populations, the same interaction is observed along with a main effect of the plasmid type 340 ( Fig. 4B ). Our results thus reveal that plasmid replicon type is a strong determinant of host 341 evolution and it has an equal or larger effect in comparison to growth temperature. 342
To further identify variants that are characteristic for specific factor combinations, we 343 tested for the effect of the factors and their interaction on the allele frequency of each parallel 344 variant (using ANOVA on aligned rank transformed allele frequencies and FDR). This results 345 in 37 variants whose allele frequency is significantly different among the factor combinations 346 ( Fig. 4C ; Supplementary Table S6) Table S3 ). 356
Mutations that are characteristic to hypermutator-pLC populations ( the case also for our study. Naturally, the mutational supply of a chromosome of the size of E. 376 coli (4.6 Mb) is higher than the mutational supply of our model plasmid genomes. 377
Consequently, more mutations are likely to arise on the chromosome than on the plasmid. 378
Notably, in most studies of plasmid-host coevolution (including ours), the selection pressure 379 is imposed on the maintenance of the plasmid in the host population rather than a specific 380 plasmid allele (e.g., as in San Millan et al. 2016). Because plasmids depend on the host 381 machinery for their replication and persistence, the selection for plasmid maintenance is, in 382 practice, imposed on the host machinery rather than on the plasmid itself. Moreover, we 383 have to keep in mind that the potential adaptive responses to the selective pressure for the 384 plasmid maintenance are numerous in the complex host chromosomes (e.g., San Millan et al. selection pressure for the plasmid maintenance in the population. Our findings suggest that 397 the evolution of plasmid-mediated antibiotics resistance is expected mostly to involve the 398 host adaptation to the plasmid replicon type rather than evolution of the plasmid encoded 399 trait. 400
The results from our experimental evolution of model plasmids demonstrate that the 401 low-copy replicon has accumulated more point mutations in comparison to the high-copy 402 replicon (Table 1) plasmids is lower than that of chromosomal mutations in a comparable population size (i.e., 419 number of replicons). Hence, the allele frequency of mutations residing on multicopy 420 plasmids is increasing slower in comparison to chromosomal alleles. Following the 421 emergence of a novel plasmid allele, plasmid segregation during cell division has three 422 potential outcomes for the plasmid genotype of the daughter cells: 1) loss of the novel 423 plasmid allele, 2) the presence of polymorphic plasmid alleles in the cell, or 3) fixation of the 424 novel plasmid allele in the cell (see illustration in Fig. 5 ). The expected effect of plasmid copy 425 number on the allele dynamics is best observed in the simulated evolution of beneficial 426 alleles (i.e., s > 0): on the low-copy plasmid (p10), the loss of plasmid alleles occurs more 427 frequently in comparison to the chromosome, but the median fixation time is nearly the same 428 as that of the chromosome. Indeed, previous studies showed that under strong selective 429 conditions, beneficial mutations on multicopy plasmids can rise quickly to fixation (San Millan 430 et al. 2016). Notably, our simulation of beneficial alleles reveals that alleles on the high copy 431 plasmid (p100) remain polymorphic over a longer time scale and have a higher median 432 fixation time ( Fig. 3 ). For neutral alleles, segregational drift of multicopy plasmids hinders the 433 increase of plasmid allele frequency; it leads to frequent and rapid mutant allele loss on the 434 one hand, and to longer fixation time on the other hand. Altogether, our results demonstrate 435 that the effect of segregational drift on plasmid allele dynamics counteracts the effect of 436 higher mutational supply accompanying increased copy number. Consequently, the 437 evolvability of low-copy plasmids is higher than that of high copy plasmids despite the latter 438 higher mutational supply. 439
The impact of segregational drift is not expected to be limited to non-mobile plasmids 440 as mobile (or conjugative) plasmids are also found in multicopy state (e.g., Figurski and 441 Helinski 1979) . Plasmid copy number may be heterogeneous within the population (e.g., 442
Münch et al. 2015), especially in the absence of an active partition mechanism, and 443 furthermore plasmid copy number can be variable during evolution (e.g., San Millan et al. introduced into E. coli strains by electroporation using a Bio-Rad Gene Pulser device with 463 parameters reported previously (Dower et al. 1988 ). PCR-primers are listed in 464 Supplementary Table S7 . 465
Construction of the host strains (wild-type and ∆mutS) 466
A marker-free ∆mutS deletion strain was constructed using the λ Red/ET Quick & Easy E. 467
coli Gene Deletion Kit (GeneBridges) according to the manufacturers protocol. Briefly, the 468 mutS gene was replaced with a PCR generated DNA fragment (primer pair mutS_KO_F/R) 469 containing a kanamycin resistance marker gene flanked by FRT sites. One kanamycin 470 resistant clone, in which the replacement of mutS with the marker-containing cassette was 471 verified by PCR (primer pair PGK_F and mutS_test_R), was chosen for the removal of the 472 kanamycin resistance marker through expression of the site specific FLP recombinase 473 carried on plasmid 707-FLPe (GeneBridges). One resulting kanamycin-sensitive clone that 474 had lost 707-FLPe was chosen and the deletion of the marker-containing cassette was 475 verified by PCR using primer pair mutS_test_F/R. 476
In order to potentially compare mutations occurring within non-coding segments of DNA, both 477 plasmids and host strains were equipped with segments of randomly composed, non-coding 478 DNA. Such a 600 bp-stretch of non-coding DNA (termed art3) was commercially synthesized 479 (GeneAart Strings Service, Thermo Fisher Scientific) and inserted into the Tn7-specific 480 attTn7 site of the wild-type and ∆mutS strain following the method described by 
Construction of plasmids pLC and pHC 488
Plasmid pBBR1MCS-5 (GenBank accession no. U25061) was used to construct plasmid pLC. 489 A 1,944-bp fragment comprising the gentamicin resistance gene and the lacZα gene 490 fragment was excised with BstBI and BsaI. The resulting plasmid backbone fragment (2824 491 bp) was blunted and ligated to a blunted KpnI-SacI fragment containing bla with its promoter 492 obtained from pBluescript SK(+) into which the bla fragment had been inserted into the 493
EcoRV site as a blunted ClaI-NotI fragment from plasmid pKD4 (GenBank acc. no. 494 AY048743). Next, 600 bp long stretches of random DNA (designated as art1 and art2) were 495 inserted into the EcoRI site (art1) and into the XhoI site (art2) of pBBR1-bla, giving plasmid 496 pLC (GenBank acc. no. MH238456). The high copy plasmid pHC (GenBank acc. no. 497 MH238457) was constructed as plasmid pLC, but the oriV and the repA gene were then 498 replaced by a pUC origin of replication. This was achieved by amplifying the plasmid except 499 for the region comprising the oriV and the repA gene (using primer pair inv_pLC_F/R). The 500 resulting fragment (2,735 bp) was treated with T4-Polynucleotide Kinase (New England 501 Biolabs) and ligated to a PCR fragment (916 bp) comprising the pUC-origin of replication 502 amplified from plasmid pCR4-TOPO (Thermo Fisher Scientific) with primer pair pUC-ori_F/R. 503
Experimental design and setup 504
The evolution experiment was set up using a full factorial design of 2 plasmid types × 2 host 505 genotypes × 2 growth temperatures. Six biological replicates were used for each of the eight 506 experimental factor groups, resulting in a total of 48 populations that were evolved for 800 507 generations. The evolution experiment was conducted in chemostats made from off-the-shelf 508 materials similar in design as previously described for the cultivation of yeast (Miller et al. 509 2013). The chemostat system was modified to enable bacterial culturing over longer time 510 periods. Briefly, air breaks were introduced upstream of culturing vessels to prevent bacterial 511 growth into medium supply lines and culture vessels were equipped with additional effluent 512 ports to ensure constant efflux in case of clogging caused by biofilm-formation (additional 513 information provided in Supplementary Fig. S3 ). Prior to the evolution experiment, plasmid 514 pLC and pHC, respectively, were transferred into the wild-type and the ∆mutS strain and a 515 single colony of each type (wt-pLC, wt-pHC, ∆mutS-pLC, and ∆mutS-pHC) was used to 516 found a population that was serially passaged Colonies that grew only on non-selective media were counted as plasmid-free segregants. 542
To verify the absence of the plasmids, 1-2 randomly chosen colonies per population were 543 chosen for testing the presence of the plasmid using qPCR (q_bla_F/R for the plasmids and 544 q_idnT_F/R for the chromosome). The proportion of plasmid-bearing cells was determined 545 from the comparison of the number of colonies grown on ampicillin plates to the total number 546 of transferred colonies grown on non-selective medium. 547
Plasmid copy number and loss frequency 548
Plasmid copy numbers were determined using quantitative PCR (qPCR) as described was isolated from archived samples as described for pLC-populations. The preparation of 585 DNA from plasmid-carrying cells included a preliminary stage of selection for plasmid-hosts. 586
Thus, frozen chemostat culture samples were first plated on LB plates supplemented with 587 ampicillin (100 µg ml -1 ) and grown overnight at 37°C or 42°C, to select plasmid-carrying cells. 588
Then, 100 colonies per pHC-population were pooled for extraction of total DNA (i.e., 4x600 589 colonies in total). Sample libraries for Illumina sequencing were prepared using either the 590 Nextera or Nextera XT library preparation kit. All samples were quantified on a Qubit 591 fluorometer (Invitrogen by Life Technologies) and DNA fragment length distribution was 592 assessed on a TapeStation (Agilent Technologies). Libraries were sequenced on either a 593 HiSeq 2500 platform with 2x125 bp reads or a NextSeq 500 platform with 2x150 bp reads 594 (see Supplementary Table S1 for details). Due to low initial coverage, some libraries of the 595 wt-pLC and wt-pHC populations were re-sequenced on a HiSeq 2500 platform. 596
Variant detection 597
Sequencing reads were trimmed to remove both Illumina specific adaptors and low quality 598 SAMtools mpileup was set to 15,000,000 for non-subsampled datasets. Variants that were 632 supported by alternative reads in one direction only were removed. Furthermore, only 633 variants that were concordantly identified by two or more of the variant calling tools were 634 Variants whose read support at the corresponding position in ancestor samples was not 645 sufficient to detect a variant (i.e., < 10x) were excluded. Variant genomic location and the 646 type of mutation, i.e., intergenic, synonymous, non-synonymous, or nonsense, were 647 annotated using an in-house Perl script. Plasmid copy numbers were inferred from the de-648 duplicated, non-subsampled BAM files as the ratio of plasmid to chromosomal mean 649 coverage. The number of intergenic and synonymous sites from the annotated reference 650 genome sequences that were used for the mapping of sequencing reads. Intergenic 651 positions were extracted from the reference sequences and the total number of intergenic 652 sites was calculated as the sum of intergenic positions whose coverage was ≥ 10x. Potential 653 synonymous sites were determined for each position within the reference sequences. The 654 total number of synonymous sites were then calculated for each mapping file using the Nei-655
Gojobori method (Nei and Gojobori 1986) considering only those positions with a minimum 656 sequencing coverage of 10x. For the simulations with mutation, initial populations (t=0) were homogenous, i.e., all 670 loci had state 0. The mutation rate in the simulation was constant with 2 × 10 -9 per locus per 671 generation (operator SNPmutator(u=2e--9)). For the simulated evolutionary dynamics of 672 mutant alleles, we simulated the evolution of one binary locus (L=1) having a mutant allele 673 already present in the initial population at a specified initial frequency (f) and no new 674 mutation is applied during simulated evolution. Initial populations were randomly generated 675 with a particular mutant frequency f (parameter freq=[1--f,f] for the method 676 initGenotype). Note that this assigns the mutant allele randomly to each locus, 677 independent of the state of the other loci in the same cell for plasmid simulations. For the 678 simulated evolution with selection, the probability to be inherited to the next generation is 679 proportional to the fitness value of the cell. For cells with a chromosome, a fitness value of 680 1+s was assigned to allele state 1 and fitness value 1 was assigned to allele state 0. For 681 cells with plasmids, a fitness value of 1+s was assigned if at least one plasmid has allele 682 state 1, otherwise the fitness is 1 (i.e., dominant selection mode). Selection was applied 683 using a fitness field (infoFields="fitness") and the operator PySelector. Simulations 684 were run for a particular number of generations using the evolve method. 685 Acknowledgments 881 We thank Sarah Kovarik, Mathias Krüger and Rabea Plohr for their assistance in the 882 experimental work. We thank Maxime Godfroid and Devani Romero Picazo for critical 883 comments on the manuscript. We thank Wolfgang Streit for providing the pBBR1 plasmid. 884 Tables   896   Table 1 . Number of intergenic and synonymous point mutations detected in the subsampled 897 read data (104x). Due to the inherent difficulties in the robust inference of insertions and 898 deletions (indels; e.g., Spencer et al. 2014), indels are excluded from the counts of observed 899 point mutations. Hence, our estimate of mutation frequency is conservative. A detailed list of 900 the reported statistics for each of the six biological replicates belonging to one of the eight 901 experimental factor groups is shown in Supplementary Table S1. We note that additional low 902 frequency point mutations were detected on the pLC plasmid considering the full sequencing 903 coverage (see variant details in Supplementary Table S2 ). A detailed list of all observed 904 variants on the chromosome is given in Supplementary Table S3 . The variant distribution 905 across the replicons is depicted in Supplementary Fig. S1 . 906
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(1) The chromosomal substitution rate is calculated as R Chr = N obs × (N sites × N gen ) -1 , where N obs 908 is the number of observed point mutations, N sites is the number of intergenic and synonymous 909 sites on the chromosome having a coverage ≥10 and N gen is the number of generations in 910 our experiment. 911
(2) Plasmid copy number (PCN) was estimated from the coverage of plasmid and 912 chromosome replicons (detailed list in Supplementary Table S1 ). 913 Hypermutator 37 148 22.4 ± 5.2 6.0 ± 1.6 4.3 × 10 -1 ± 1.3 × 10 -1 1 42 87 13.2 ± 3.3 3.6 ± 1.2 1.6 × 10 -1 ± 9.1 × 10 -2 1 pHC Wild-type 37 6 0.87 ± 0.6 111.3 ± 66.2 3.7 × 10 -1 ± 3.5 × 10 -1 0 42 6 0.87 ± 0.8 99.7 ± 23.2 2.9 × 10 -1 ± 2.7 × 10 -1 0 Columns are the five combinations of simulated replicon type and population size, and rows 937 are the different combinations of selective coefficient (s) and initial allele frequency (f). 938
Generations are on the x-axis, proportion of AF of replicates are stacked along the y-axis, 939 population allele frequency is colour coded. Note that the starting frequency of plasmid 940 alleles is implemented as the frequency of mutant alleles in the total plasmid population. 941
Thus, the initial frequency of cells with a mutant allele in the population is higher in the 942 plasmid simulations compared to chromosome simulations (see Supplementary Table S4 for 943 expected number of mutant cells). (B) Frequency trajectories for plasmid simulations with 944 initial allele frequency f = 0.001. The frequency of mutant alleles is calculated as the number 945 of mutant plasmid alleles in the total plasmid population. The frequency of mutant cells is 946 calculated as the proportion of cells with at least one mutant plasmid allele within the 947 population. The frequency of fixed mutant cells is the proportion of cells in which all plasmids 948 loci contain the mutant allele (i.e., the plasmid allele is fixed in the cell). Simulation results 949 are presented for s = 0.1 where the difference between mutant plasmid allele dynamics and 950 mutant cells in the population is pronounced. Supplementary Table S3 ). Dots represent means and error bars 969 represent the standard error of the mean. ANOVA demonstrated significant effects for 970 plasmid replicon type and temperature along with significant interactions between the three 971 factors used in the experiment (statistics in Supplementary Table S5 ). (C) Color-coded matrix 972 of variants whose allele frequency is significantly different among the main factors or their 973 combination (using ANOVA on aligned rank transformed allele frequencies and FDR; 974 statistics in Supplementary Table S6 ). Intragenic variants (11 synonymous and 22 non-975 dynamics. The illustrated plasmid copy number is four and its segregation into daughter cells 984 is balanced (i.e., the daughter cells inherit an equal number of plasmids). In the depicted 985 scenario, one allele emerges on the chromosome (red X) and another allele emerges on the 986 plasmid (magenta) at t 0 . Both alleles are considered neutral (i.e., s = 0). Changes in 987 population size (N) and the frequency of hosts (f hosts ) over three generations are presented. 988
The chromosomal allele is inherited into all daughter cells, such that it is present in the total 989 population. Random segregation of the plasmid genotypes leads to decrease in the number 990 of hosts. At t 3 , only a small minority in the population harbours the new plasmid allele. In the 991 absence of selection for the plasmid allele presence, the new plasmid allele is deemed to 992 remain at a very low frequency within the population (or be lost). Note: this is a simplistic 993 example that does not include loss of host cells due to drift and it does not include 994 consideration of recombination among plasmids. 995 
